Introduction: The periapical radiograph is used to determine the working length in endodontic treatment. However, this radiograph does not define the position of the major apical foramen. Objective: This ex vivo laboratorial study aims to determine the prevalence of the major apical foramen mismatching the root apex in human permanent teeth, because when present, this mismatch makes the radiographic method inaccurate for determining the working length. Material and methods: This study used 400 human permanent teeth: 100 incisors, 100 canines, 100 premolars, and 100 molars, totalizing 634 canals (Ethics Committee, Federal University of Ceará #263/10). The access and negotiation of the root canals were performed with K-type files #10 and #15 until the tip of the instrument were visible at the root foramen through 5-fold magnifying glass. Periapical radiographs were performed on bucco-lingual incidence for single-rooted teeth; the incidence angle was changed for multi-rooted teeth. The films were processed and then analyzed by three calibrated examiners (Kappa 80%). Descriptive statistics and chi-square test were used for analyzing of the results. Results: The prevalence of major apical foramens mismatching the root apex was 19.72% of the canals studied. The incisors showed the lowest prevalence (9%, p<0.05) while the highest prevalence was seen in
Introduction
The success of endodontic treatment is closely related to the anatomical knowledge of the root canal system and its possible variations [3, 18, 24] . This is because the proper execution of the therapy steps depends on the correct determination of the root canal apex, so that the working length is measured [5, 17] , allowing the cleaning, modeling, hermetic sealing, and obtaining an environment conducive to the repair of the periradicular tissues [18] . Such procedures should be confined to the canal to prevent damage to periapical tissue and minimize extrusion of endodontic sealers towards the apex, which could adversely affect the success of therapy [9, 19] .
The apical constriction, which corresponds to the smallest diameter of the root canal has been recommended as the ideal apex limit for root canal instrumentation and filling [9-11, 15, 18, 19] . The apical constriction is at an average distance of 0,59 mm below the major foramen and 0,89 mm below the root apex [12] . Because the apical constriction is a histological landmark impossible to be clinically determined, it is suggested that the major foramen should be the most reproducible position to measure the working length [7] .
Historically, the periapical radiograph is the main determination method of the working length. However, this radiograph has some limitations, because it is a two-dimensional image of a tridimensional object and it not show the position of the major apical [5, 14, 24] . By considering the distance between the apical constriction and the apical foramen, traditionally, the working length is set at 1 mm below the radiographic root apex [4, 7, 8] . Although the major apical foramen is closely related to the root apex, they can mismatch [18, 25] . The center of the major apical foramen is far from the center of the root apex (anatomic or radiographic apex) in 60% to 94% of the teeth [2, 6] . The more recent studies show that the major apical foramen mismatched the root apex in 41.6% [24] and 49.4% [5] . The working length set at 1 mm below the radiographic apex may result in over preparation and over filling, i.e., beyond the clinically acceptable limit, in cases where the major apical foramen mismatch the root apex [24] .
It is mandatory to know the prevalence of this mismatch for the different tooth type and the radiographic agreement ratio between the major apical foramen and root apex because the root apex is the main landmark to determine the radiographic working length [16] .
Thus, this study aimed to determine the prevalence of mismatching between the major apical foramen and the root apex in human permanent teeth, observed in radiographs.
Material and methods
This ex vivo laboratorial study was submitted and approved by the Institutional Review Board regarding the ethical aspects (protocol #263/10).
Sample selection
Four hundred human permanent teeth were studied: 100 incisors, 100 canine teeth, 100 premolars, and 100 molars, obtained in the Basic Health Units of the state of Ceara, after the signing of a Tooth Donation Form. The teeth were kept in 10% formalin then washed, and decontaminated with sodium hypochlorite for using in the study. Exclusion criteria included teeth with incomplete rhizogenesis, root apex fracture, and root resorption.
Tooth preparation
The conventional crown access was performed with round (#1012, #1014, and #1016) and flatend taper (#308) diamond burs (KG Sorensen, Barueri, São Paulo, Brasil). The root canals were negotiated with the aid of K-type files size #10 and #15 (Dentsply, Maillefer, Ballaigues, Switzerland) until the file tip was seen at the root apex with the aid of a magnifying glass at 5-fold magnification (Civiam, São Paulo, Brazil) (figure 1). Periapical radiographs were performed on bucco-lingual incidence for single-rooted teeth. The incidence angle was changed for multi-rooted teeth. The film dot was standardized as the landmark of the mesial surface of the tooth, allowing to identify the root canals in multi-rooted teeth.
The films were developed inside a portable acrylic darkroom, through time-temperature method, dried and properly recorded according to the tooth type, and then filed.
Radiographic analysis
Three previously calibrated examiners (Kappa test = 80%) analyzed the radiographs by filling in a chart of the presence or absence of the mismatch between the major apical foramen and root apex. To evaluate the mismatch, a line was marked perpendicular to the canal long axis, on the apical third. The point where the line pass through the radiographic apex was considered the radiographic landmark of the root apex. The file tip was the landmark for the major apical foramen position.
Statistical analysis
The results obtained in the radiographic analysis was registered in percentage of prevalence. The Chi-square test was used to compare the prevalence of the mismatch among tooth types. The level of significance was set at 5%.
Results
This study found and negotiated 634 root canals in 400 teeth analyzed, comprising 100 canals for incisors, 100 canals for canine teeth, 137 canals for premolars, and 297 canals for molars. Of the 634 root canals, 125 major apical foramen mismatched the root apex, totalizing 19.72% of the cases (table I) . The incisors showed the smallest prevalence of the mismatch (p<0.05), followed by the canine teeth (28%), which was statistically different from the incisors (p<0.05), but without statistically difference from the premolars and molars (p>0.05). Both the incisors and canine had one root canal negotiated per tooth.
When the number of canals with mismatch was evaluated, no statistically difference occurred between premolars and molars (p>0.05). Notwithstanding, a significantly higher number of molars than premolars exhibited the mismatch (p<0.05).
Of the 297 root canals of permanent molars, 59 major apical foramens mismatched the root apex (19.8%). The mismatch occurred in 18.6% and 22.5% of the mandibular and maxillary molars.
For the different tooth types, the mismatch (n=125) occurred in 7.2% of incisors, 22.4% of canine teeth, 23.2% of premolars, and 47.2% of molars. For the whole sample (n=400), 101 teeth (25.25%) had the mismatch in at least one root canal, approximately one quarter of the sample. Of 101 teeth, the mismatch occurred in nine incisors, 28 canine teeth, 23 premolars, and 41 molars. The highest prevalence was observed in the molars, followed by the canine teeth, and premolars (table II) . 
Discussion
This study analyzed the prevalence of major apical foramen mismatching the root apex in 400 human permanent teeth. The results obtained revealed a total of 125 mismatches. This is 19.72% of the 634 root canals negotiated. These data showed that, in most cases, the major apical foramen matched the root apex for the different tooth types. Notwithstanding, a significant percentage of mismatch occurred. This finding shed light on the clinical practice, because the cementum canal, the apical foramen, the apical constriction, are the main landmarks to determine the apical limit of root canal preparation and filling [20] .
The radiographic determination of the working threshold is based on establishing the working length, whose value is 1 mm below the radiographic root apex [16] . Such measurement requires the working below the apical constriction, which is generally located from 0.5 to 0.7 mm below the apical foramen. To allow that this step-back is favorable to the endodontic preparation and filling, the major apical foramen should match the root apex. However, this fact does not occur for all cases [12] . From a clinical point of view, the mismatch between the major apical foramen and the root apex put the radiographic method in question by increasing the risk of over preparation and overfilling, which may damage the apical periodontium and contribute for maintaining the chronic inflammatory process at medium and long term, even slowing the healing of the periapical tissues [7, 9, 16, 18, 19] .
Salonski et al. [22] found 36% of the mismatch in 100 human permanent canine teeth. This finding is close to that obtained by this present study for the same tooth type (28%).
The distance and the location between the major apical foramen and the root apex was evaluated in 926 maxillary and mandibular teeth and the mismatch occurred in 61% of the teeth, with greater frequency for the posterior (43%) than the anterior teeth (17%) [13] . This high prevalence disagrees with that found by this present study (25.25%) on 400 human permanent teeth.
Of 356 root canals studied, 176 major apical foramen mismatched the root apex [5] , totalizing 50% of the teeth examined. In this present study, 101 teeth (25.25%) showed at least one major foramen mismatched from the root apex. The highest prevalence of teeth with at least one mismatch occurred for the molars, followed by the canine teeth, and premolars. Again, from a clinical point of view, this is an important finding because the presence of one mismatch may compromise the endodontic treatment success.
In the posterior teeth, the presence of more than one mismatch was common. Of 634 root canals, 125 showed the mismatch (19.72%). Awawdeh et al. 2008 [1] investigated the root canal morphology of 600 maxillary premolars in Jordanians and found 40% of mismatches. In this present study, of the 100 premolars analyzed, 137 root canals showed the mismatch (21.17%).
Such findings of the high prevalence of mismatches shed light on the need of using electronic locators as adjunct tools because they allow the location of the major apical foramen even in these situations [4, 5, 11, 23] .
Notwithstanding, electronic apical locators should not replace the radiographic techniques [21] . The radiographic method is still the most used and it is essential for diagnosing, determining the working length, evaluating the final endodontic filling, and following-up [24] . In most of the cases, the radiographic method is accurate and reliable, but it is contraindicated in the cases whose major apical foramen mismatch the root apex [4] . Because the mismatch does not have any clinical signs and in these cases the radiographic method is inaccurate, the association of the apex locator is indicated. This study's results suggested that the periapical radiograph is a reasonable and limited method to determine the working length. The percentage of major apical foramen mismatching the root apex suggested the indication of adjunct methods that use the apical foramen as landmark.
Conclusion
According to the methodology applied and results obtained by this study, it can be concluded that the prevalence of major apical foramen mismatching the root apex was 19.72%. This finding reaffirm the limitation of the radiographic method in determining the preparation and filling length in human permanent teeth in such cases.
